Six species of Pelargonium and one species of Geranium were studied for their surface flavonoids. Some of them were found to exhibit an unexpectedly high number of methylated flavonoids, mostly flavonols. The chemotaxonomic significance of exudate flavonoid diversification is shortly addressed.
Ognyanov et al. [1] were the first to report methylated flavonoid aglycones from a Geranium species. In the diethyl ether extract of G. macrorhizum they found kaempferol-3-methyl ether (isokaempferid), kaempferol-3,7-dimethyl ether (kumatakenin), kaempferol-3,4´dimethyl ether (ermanin), quercetin, quercetin-7,3´dimethyl ether (rhamnazin) and quercetin 3,7,3´,4´tetramethyl ether (retusin). Later, Ivancheva and Wollenweber [2] , Ivancheva and Petrova [3] and Frontera et al. [4] reported methyl ethers of kaempferol, quercetin and myricetin as surface flavonoids of Geranium species. Luteolin was also observed [3] .
In a leaf phenolic survey of 57 Pelargonium species, 35% were shown to exhibit various amounts of lipophilic flavonoids, but analytical results were presented for only 6 of them. The flavones chrysin, apigenin-4´-Me (acacetin) and luteolin-3´-Me (chrysoeriol) and some kaempferol and quercetin methyl ethers were identified, while the structures of several methyl ethers of apigenin, kaempferol and quercetin, as well as of two flavanones were not completely elucidated [5] .
We have now analyzed six additional species of Pelargonium and one further species of Geranium for their leaf surface flavonoids. We found a series of products not previously reported from these species. The surface flavonoid patterns of some of them were surprisingly rich in methylated flavonols. The following flavonoid aglycones were found to be accumulated on aerial parts of the plants studied: Earlier studies [1] [2] [3] [4] had shown kaempferol and quercetin based flavonols to be the major surface flavonoids of Geranium and Pelargonium species, accompanied by myricetin methyl ethers and some apigenin derivatives. Our present results fit nicely into this pattern, as we found methyl derivatives of apigenin, luteolin, kaempferol and quercetin as the dominating exudate flavonoids, along with a number of myricetin derivatives (in P. karooense). However, in view of the fact that the genus Pelargonium comprises approx. 400 recognized species, and only about a dozen of those that exudate flavonoids have so far been identified, it still would be daring to discuss their chemosystematic importance.
Williams et al. [5] suggested that the surface flavonoid profiles of Biebersteinia species underline that this genus is unrelated to the Geraniaceae, because the flavonoid profiles exhibited by three (out of 5) species so far studied are completely different from those found in Geranium and Pelargonium. B. orphanidis produces a series of 6,8-di-O-substituted flavones, while B. heterostemon exhibits the unusual 5,7,3´-trihydroxy-8,4´,5´-trimethoxy flavone [6] . Our findings also appear to be in favor of this assumption, as they confirm the general substitution trend. However, the presence of two unidentified flavanones in P. drumondii and in particular of either a C-6 or C-8 methylated flavanone (strobopinin or cryptostrobin) in P. crispum [5] advise caution in chemotaxonomic conclusions. The present report therefore aims to encourage further studies of many additional species of Geraniaceae. Along with the data obtained from leaf tissue studies [7] , the results should bring us closer to reliable chemotaxonomic statements.
Experimental
Plant material and extraction: Geranium canariensis, Pelargonium capitatum, P. glutinosum, P. graveolens, P. karooense, P. mollicomum, and P. viscosissimum were grown in the Botanischer Garten der TU Darmstadt, where vouchers are kept. Freshly collected aerial parts were briefly rinsed with acetone to dissolve the lipophilic exudate material. The solutions were evaporated, "defatted" and passed over Sephadex LH-20, as previously described (see e.g. [8] ). In the phenolic fractions, many flavonoids were readily and unambiguously identified by direct comparisons with markers available in E.W.´s lab. The flavonoid portions obtained from P. karooense and P. viscosissimum were subject to column chromatography on silica and on polyamide SC-6. Fractions were monitored and comparisons with authentic flavonoids were made by TLC on polyamide and on silica in different solvent systems, and chromatograms were evaluated as reported previously [8] . Several products were isolated from relevant fractions either by crystallization or by preparative TLC on silica gel. Some identifications were confirmed from mass spectra.
